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(x OO0O0000000000 =)
let exl = ("pi", 3.14) ;;
let ex2 = ("e", 2.68) ;;

(x DO000D0D0000000 fst O snd ODO0OOx)
let _ fst exl ;;

let

string_of_float (snd ex2) ;;

*1 0Oo0O0Caml 0000000 10000000000000000000 (module) 0 DODODDDOODODODODOODODOOODDOODOOOOOOOO
Jod0oooooooooooOo0o0O0O0O0O000000000000000OC0O0O0OO0000000O00O0O00O0000000000



-~

(+» JO0O0D0OD00OCOOO0O0 =)

let show (p : string x float) : string =
match p with
| (s, f) - s » (string_of_float f) ;;

(* 00, match OO0O000O0O0O0COOO0O0OODOIet OOOO =)
let show (p : string * float) : string =
let (s,f) = p in
s ~ (string_of_float £f) ;;

(+ OO0O0OODOOOD0O (a,bp) DOOODOOODOODOOD &, 0O00OCODOOO
goooooooooboooooog (e,b) DOODOODOOODOOD)

let add_pair (p : string * float) (d : float) : string * float =
match p with
| (s, £f) — (s, £ +. d) ;;
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(«» DO0DOD0OO0OO0DOOOoOOg )
let rec fib_slow n =
if n <= 2 then 1

else fib_slow (n—2) + fib_slow (n—1)

(+* DOO0OO0O0O0O0O0000 =)
let rec fib _walk n =
if n <= 1 then (1,1)
else
match fib_walk (n—1) with
| (vl,v2) — (v2, v1+v2)

let fib_fast n =
fst (fib_walk n)

k
a
(+ JO00O0D0O0OCOOO0O0OOODOCOOO0 =)
let rec take_top2 (lst : int 1list) : int * int =
match 1lst with
| [] — failwith "too short list"
| [vl] — failwith "too short list"
| [vl; v2] — if vl > v2 then (vl1,v2)
else (v2,vl)
| h::t —
match take_top2 t with
| (vl,v2) —
if h > vl then (h,vl)
else if h > v2 then (vl,h)

else (vl1,v2) ;;
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(x OOO0 %)
type days =

| Sunday | Monday | Tuesday | Wednesday | Thursday
| Friday | Saturday ;;

let _ = Wednesday ;;
(» 000000
— : days = Wednesday
*)
\ %
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let is_weekday d =
match d with

| Sunday — false
| Saturday — false
|

_ — true ;;
let _ = is_weekday Friday ;;
let _ = is_weekday Saturday ;;

let nextday d =
match d with

| Sunday — Monday | Monday — Tuesday
| Tuesday — Wednesday | Wednesday — Thursday
| Thursday — Friday | Friday — Saturday
| Saturday — Sunday HH

let _ = nextday Wednesday ;;

U0 nextday U days -> days OO0 QOO0 Q0on
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(x grade O0O0O0O x)
type grade =
| Word of string

| Numeric of int ;;

let gl = Word("A+") ;;
let g2 = Word("C")

let g3 = Numeric(90) ;;
let 1stl = [gl; g2; g3] ;;

* DO0O0OO0O0O %)

let _ = Word(70) ;;

let _ = Numeric("A") ;;

let _ = Numeric(3.14) ;;
o

%

000000000000 O0grade 000 Word(s) O Numeric(n) 0000000000 sO string0,n 00000000

0000000000000 o0oogooouoog grade0OoooO
grade 000000000000 OOOOOOOOOOO

4 N
let ok g =
match g with
| Word(s) — (s = "A+") || (s = "A") || (s = "B") || (s = "C")
| Numeric(n) — (n >= 60)
let _ = ok gl ;;
let _ = ok g3 ;;
\_ )
DDDDDDDlDlDDDDD(WordD NumericDI:I)DDDDDDDDDDDDDDDODDDDDD
4 N
type foo =
| A
| B of int
| C of bool * string
| D of char * int *x float ;;
(x OO0O0O00 foo list OOOO x)
let _ = [A; B(10); C(true, "abc"); D(vy’, 25, 2.7)]1 ;;
\_ )
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type goo = A | Word
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(+x 00000000000 *)
type binary_tree =

| Leaf

| Node of int * binary_tree *x binary_tree

(x+ JOODO0ODO %)

let btl = Leaf ;;

let bt2 Node (2, Node (3, Leaf,Leaf), Leaf) ;;

let bt3 = Node (2, Node (3,Leaf,Leaf), Node (0,Leaf,Leaf)) ;;

- %

0000000000000 binary_tree (binary tree 000 ) 00000 OLeaf O Node(n,btl,bt2) 000D O00OOOO0O
On0O0000btl,bt2 000 binarytree 0000000000000 Obinary_tree 1000000 binarytree 000000
g oooooo

binary tree 00 0000OOCOCOOOOCOOOOOO0OOOOOOOOOOOOOQ

OO0Obinary tree 000 0000000000000 00O00O0O0O0OO0O0O0OOOOOOOOOOOOOOO
e I
* 0OO000ODO0O0O00 =)
let rec sum_tree bt =

match bt with
| Leaf — 0

| Node(n,btl,bt2) — n + (sum_tree btl) + (sum_tree bt2) ;;
let _ = sum_tree bt3 ;;

(x+ OJOODO0OO %)
let rec height bt =
match bt with
| Leaf — 0
| Node(_,btl,bt2) —
let hl = height btl in
let h2 = height bt2 in
if hl > h2 then hl + 1 else h2 + 1

let _ = height bt3 ;;

\ J
cobooooboocooooooooobOooOobocOoOoOoOoOoooOoooOoOoOooooobboOoOooOoboOoboOoOooDbboOobooOoOoon

0000000000000 0 (0000000000 0)000000000000D00000000 100000
coooboooooboooobooooboooooao




a N
(*» OOOD0OODO0O0O %)
let rec mirror bt =

match bt with

| Leaf — Leaf

| Node(n,btl,bt2) — Node(n,mirror bt2, mirror btl)

let _ = mirror bt3 ;;

(+ JO0O00O0OCC ODOOOOU0OUOO0OoDOOOOoOOOOoDOoOOoOoO %)
let rec remove_zero bt =
match bt with
| Leaf — Leaf
| Node(n,btl,bt2) —
if n = 0 then Leaf

else Node (n, remove_zero btl, remove_zero bt2)

let _ = mirror bt3 ;;
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4 N
type expr =
| Const of int
| Add of expr * expr (x a + b %)
| Sub of expr * expr (x a — b x)
| Times of expr * expr (¥ a x b *)
| Div of expr * expr (x a + b %)
let el = Const (3) ;;
let e2 = Const(5) ;;
let e3 = Add(el, Times(e2,el)) ;;
let e4 = Times (Add(el, Times(e2,el)),Sub(el,Div(e2,el))) ;;
\ J

0000000000000 00D000000000000 evalDO0OODO0OO(eval 00 0D000DODOO0DODOOOODOOOO
evaluate 0 00OO0ODO)
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let rec eval (e : expr) : int =
match e with
| Const (1) — i
| Add(el,e2) — (eval el) + (eval e2)
| Sub(el,e2) — (eval el) — (eval e2)
| Times (el,e2) — (eval el) x (eval e2)
| Div(el,e2) — (eval el) / (eval e2)

let _ = eval e3 ;;

let _ = eval e4d ;;

- /

OO eval O0expr —> int 00 0000000000000 0OOODO0OODOOOO (DD)D0OODO
O00000000000000000000000000 print 00000000 O00ODODOOODOOOODOOOOO

4 N
let rec string_of_expr (e : expr) : string =
match e with
| Const (1) — string_of_int i
| Add(el,e2) — "(" ~ (string_of_expr el) ~ " + " %~ (string_of_expr e2) ~ ")"
| Sub(el,e2) — "(" ~ (string_of_expr el) ~ " — " ~ (string_of_expr e2) ~ ")"
| Times(el,e2) — "(" ~ (string_of_expr el) ~ " x " "~ (string_of_expr e2) ~ ")"
| Div(el,e2) — "(" ~ (string_of_expr el) ~ " / " A (string_of_expr e2) ~ ")"
let _ = string_of_expr e4 ;;
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() DODoODOooOUODOoOOooOODOOoOO:
0000000 intplusO0 0000000 OD0OODOO0DOO0DOODOOOOOOODOODOODODO

type intplus =
| Fin of int
| Inf of bool (x Inf(true) OOO0O0O0O0OInf(false)0OOOOO x)

e 0 IDOOOUDUODODOODLOOUDLUODODD addplusDOO0O0ODOODODOODOOODODOODOODOOOODO
000000 fwith OOOOOODOOODOOO
0O: addplus(Fin(10),Fin(-5)) = Fin(5)
O: addplus(Fin(10),Inf (true)) = Inf(true)

e 10IDOUDO timesplus DU DO OO

e (000D)intplus000DUO0OODOOLDODOUODODUOLDODUODODOOUODOO

(2)200000000:

e 200 (binary,treeDDDD[l)DDDDDDDDDD (NOdeDDDDDDDD)DDDDDDD sizeOOOOOO
0: size(Node(1,Node(2,Node(3,Leaf,Leaf) ,Leaf),Node(4,Leaf,Leaf)))=4
O: size(Leaf) =0



e 200 (binary-treeJ0000)0O0inorder (00000000 D)000000000O0OO0O0ODOOOODOODOODOO
0 flatten OO OODO
0: flatten(Node(1,Node(2,Node(3,Leaf ,Leaf) ,Node(4,Leaf,Leaf)) ,Node(5,Leaf,Leaf))) =[3;2;4;1;5]

e 200 (binary tree 000 00)00000000000O0O0O0ODOOOOD is_balanced 00000 OOOODOO
000000 bO000O00oDbOO0o0bO00bDOo00o0DDbOO0o0bO000bO0o0obOO0o0DOoO0OD0DOO 100b0O00oooOoooOooon
0: is_balanced(Node(1,Node(2,Node(3,Leaf,Leaf) ,Leaf),Leaf))—=false
0: is_balanced(Node(1,Node(2,Node(3,Leaf,Leaf) ,Leaf),Node(4,Leaf,Leaf)))=true

e (00DD)200 (binary-tree00000)00000000000000O0DO0ODO0ODOD is_sorted 0000000
goooooooooboobobobobobbobobbbbobbbobbobbbbbbbbbbb oo oo OooOoOgag
ggboboobooboboobooboboobuoobbooobooo
O: is_sorted(Node(4,Node(2,Node(5,Leaf ,Leaf) ,Node(3,Leaf,Leaf)),Node(5,Leaf,Leaf)))—false
0: is_sorted(Node(4,Node(2,Node(1,Leaf ,Leaf) ,Node(3,Leaf,Leaf)) ,Node(5,Leaf,Leaf)))=true

(3y 0000000

e (0DD)0 (expr00000)0000DDO00DOOOODODO count_times 00O OO0DO
O: count_times (Add(Const (10) ,Times (Const (20) ,Times (Const (30),Const(40))))) =2

. (DDDD)@-O:ODDDDDDDDDDD (eXprDDDDD)DDDDDDDDDDDDD opt UOODOOO
0O: opt(Add(Const (10) ,Times(Const(20),Const(0)))) = Add(Const(10),Const(0))
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